reports' indicate that not always was the lesion localizable to the diencephalic gray matter. Frequently a diffuse intracranial process, such as a meningoencephalitis or a large neoplasm, obliterated interpretable boundaries. Even when the site of the lesion appeared more circumscript, as in a well-confined neoplasm or a focal hemorrhage, it was often far removed from the presumed crucial centers of the diencephalon. The latter were either not at all affected or only indirectly by increased pressure in the third ventricle. In some instances even compression or destruction of efferent parasympathetic and sympathetic pathways has been held responsible for the lesions in the alimentary tract. Nonetheless, most clues, experimental and otherwise, point to the diencephalon.
It may be of little value therapeutically to know the precise localization of the brain lesion. Certainly in but very few instances could cranial operative procedures prevent the death of patients from perforations of ulcers and erosions. Moreover, the underlying cerebral pathology is frequently of such a nature as to preclude operative interference. Cerebral localization in these cases is, however, of value from a different point of view. It can contribute appreciably to an understanding of the physiologic relationships between certain of the cerebral nuclei and the alimentary tract. With this in view a series of 24 cases is herewith presented.
In so far as possible the cases have been grouped according to the etiology of the brain lesions. The first division embraces six cases of meningitis in patients who ranged from History.-The patient, a 10-year-old white boy, was comatose when admitted to the New Haven Hospital on August 15, 1932. About six weeks before this, on July 4, he awoke with a severe headache and-vomited several times during the course of the day. He had no "cold," soreness of the throat, or earache at that time. The next day he felt quite normal again and continued so until August 5, when he complained of a sore throat. It was not until eight more days had elapsed, however, that severe headaches, nausea, fever, and persistent non-projectile vomiting began. Two days later he was in delirium and the necessity for hospitalization became obvious.
Temperature on admission was 39.20 C., pulse 88, and respirations 24 per minute. The child was comatose. Breathing was shallow; stiffness of the neck and back was marked; the Brudzinski and Kernig signs were positive. The ear-drums appeared negative.
Lumbar puncture revealed a purulent spinal fluid containing type VIII pneumococcus. Continued spinal drainage was attempted until it became evident that a block was present. A cisternal puncture was then made and antipneumococcal serum given by the gravity method. On the fourth day of hospitalization the temperature rose to 400 C. and the pulse to 180 per minute. Two hours before death on this day, after artificial respiration was resorted to and some mucus removed from the throat, the patient vomited some brownish material and slowly expired.
Necropsy.-This was performed 2Y2 hours postmortem and revealed no evidence of pneumonia. During careful examination of the peritoneum so there was a sudden filling of the cavity with non-hemorrhagic gastric contents. On the greater curvature of the fundus of the stomach near the esophagus a perforation measuring 2 cm. in diameter was found. The margins of this perforation were necrotic and contained some thrombosed small vessels. There was no abnormal cellular infiltration present, however. The esophageal and remaining gastric mucosa was wholly intact.
An extensive suppurative cerebrospinal meningitis and ependymitis accounted for significant secondary changes in the cerebral parenchyma. The purulent material, which filled all the cerebral ventricles to dilatation, produced ependymal necrosis and subependymal hemorrhages which were apparent macroscopically.
Histologically, the region of the third ventricle was involved in an acute encephalitic process (Fig. 1) . The tuberal and the posterior groups of hypothalamic nuclei were infiltrated with polymorphonuclear leukocytes which often had a perivascular distribution. There was no actual destruction of the ganglion cells comprising the tuberal gray matter. Beginning disintegration, however, with still relatively good preservation of the cellular nuclei, was recognizable in the "moth-eaten" cytoplasm on the periphery of the cells. Proliferation of microglial elements was more apparent. A large zone of softening, probably produced by a suppurative angeitis with occlusion, lay just lateral to the paraventricular nucleus on one side and partly replaced the corpus Luysii. History.-The patient, a 17-year-old white girl, became ill on September 23, 1932, with a sore throat, chilly sensations, nausea, and vomiting. Two days later slight stiffness of the neck was first noted and, with an increase in severity of all these symptoms, hospitalization occurred on September 28.
On admission to the New Haven Hospital the temperature was 1060 F., respirations were 24, and the pulse was 68 per minute. The knees were held flexed and the neck was extended. Babinski's sign was positive bilaterally, but there was no ankle clonus. The throat was injected and covered with yellow patches, but the lungs and ear-drums appeared negative.
Repeated lumbar taps yielded a cloudy spinal fluid under increased pressure and containing from 5,000 to 10,000 white cells, chiefly polymorphonuclear leukocytes. Bacteriologic culture revealed Staphylococcus aureus. Signs of meningeal irritation increased during the five days' course in the hospital. Continuous drainage of the cerebrospinal fluid was abandoned, due to constant plugging of the needle with purulent material. The patient became quite stuporous on the second day; her temperature fluctuated be-tween 100 and 1060 F. and her pulse reached a peak of 140 on October 2, the day of death.
Necropsy.-The examination was performed 8 hours postmortem. Congestion of the lungs, but no pneumonic infiltration, was noted. Staphylococcus aureus was cultured from practically all the organs and the sphenoid sinus.
A small quantity of bile and blood-stained gastric contents exuded from a 2 cm. opening in the fundus of the stomach. The edges of the gastric perforation were ragged and friable; the wall around it was very thin. The remaining mucosa was covered with tenacious hemorrhagic material. The gastric serosa around the perforation was smooth and glistening. On microscopic study, engorgement of the submucosal vessels with red blood cells, but no trace of an inflammatory exudate, was observed in the stomach wall around the perforation.
The accumulation of purulent exudate was most extensive in the basal cisterns, the ventricular system, and in the spinal meninges. Extension of the infectious process into the periventricular parenchyma along the vascular sheaths was most prominent in the region of the third ventricle. The posterior tuberal nuclei and the nucleus paraventricularis were infiltrated with a leukocytic exudate. Swelling, paleness, and disintegration of the ganglion cells in the tuberal group constituted the most conspicuous changes. History.-The patient was a 3-year-old white boy who had been perfectly well until two days before hospitalization, when he was suddenly taken sick with pain in the left ear and repeated vomiting. Temperature on the next day was recorded as 1010 F. When a little later stiffness of the neck was observed by the attending physician, the child was admitted to the New Haven Hospital on February 19, 1936.
Temperature on admission was 39.8°C.; respirations were 22 per minute. The child appeared acutely ill and apathetic. The left ear-drum seemed normal, but the right drum was red and bulging. A crusted exudate was observed in the right external auditory canal and slight tenderness over the right mastoid antrum could be elicited. The neck was held stiffly.
The hospital course lasted 5 days, during which the patient went rapidly downhill as signs of meningitis became increasingly severe. The temperature rose steadily to 410 C. Lumbar puncture revealed cloudy fluid under 275 mm. pressure, with 1025 cells, 90 per cent of which were polymorphonuclear leukocytes. Myringotomy of the left ear was productive of frank pus and an exploratory operation revealed similar purulent material in the left mastoid cells. The exposed dura appeared imperforate. Pneumococcus type XIV was cultured from the left middle ear and mastoid cells.
Necropsy.-This followed the death of the patient by 9 hours. Exactly the same type of recent peritoneal soiling by escape of hemorrhagic gastric contents, this time through a perforation measuring 1.2 cm. in diameter in the greater curvature close to the cardia, was present here as in a number of other cases. Discoloration, but no exudative reaction, characterized the involved peritoneum. The gastric wall surrounding the perforation was thin and covered with a coffee-brown material.
There was an acute suppurative meningitis, but no ependymitis. Nevertheless, in the gray matter surrounding the third ventricle perivascular leukocytic infiltrations were conspicuous on microscopic study. The hypothalamic nuclei were also implicated in this manner. In the tuberal and mamilloinfundibular nuclei the ganglion cells were altered by chromatolysis and pericellular encrustations (Fig. 2) . Cells of the corpus Luysii appeared rounded and had ground-glass cytoplasm as well as pericellular encrustations. Chromatolysis of ganglion cells was observed in the periventricular gray matter.
Case 4. Chronic nasal obstruction necessitating exenteration of adamantinoma from right nasal cavity and paranasal sinuses; post-operative memngitis. Autopsy findings of purulent meningitis, ependymitis, and ceUular changes in hypothalamic nuclei; esophageal perforations.
History.-The patient, a 55-year-old white male, was admitted to the New Haven Hospital on November 4, 1935, with pain and obstruction in the right side of the nose. The nasal obstruction had been felt as long as the patient could remember. When obstructive symptoms, epistaxis, and pain over the frontal sinus and lateral aspect of the nose on the right had progressed, roentgenograms were made at the Griffin Hospital in Derby, Conn. These showed increased density in the right frontal and ethmoid areas, and a biopsy specimen at this time was diagnosed spindle-cell sarcoma.
The vital signs were normal on admission to the New Haven Hospital. The right nostril was completely occluded by a firm, friable mass which bled easily on slight handling. Marked tenderness was noted over the right frontal sinus, the inner canthus of the right eye, and the upper part of the right antrum. Operation on November 5 revealed a neoplasm (adamantinoma) which appeared to invade the nasal cavity as well as the anterior and posterior ethmoids. This was completely exenterated, necessitating removal also of large parts of the antral wall and the orbital floor. On the second post-operative day the patient became disoriented and had a chill. The temperature rose to 103.80 F. The right extremities became spastic and the eyes were turned to the left. The temperature rose terminally to 105.20 F.
Necropsy.-Necropsy was performed 13 hours after death. The peritoneum was entirely free from foreign material or exudate. The left pleural cavity, however, contained about 200 cc. of a sour-smelling, brown-black material, obviously gastric contents, which had exuded through two per-forations in the anterior and left lateral aspects of the esophagus just above the cardia. The pleura of the adjacent left lung was discolored, but an exudative reaction was absent. The perforations, each of which measured some 2 cm. in diameter, had ragged, necrotic edges.
The operation had produced one large cavity of the right antrum, choana, and ethmoid sinus. This cavity communicated with the subarachnoid space through a small operative defect in the cribriform plate and overlying dura. There was an extensive purulent meningitis and ventricular ependymitis. The ependymal lining of the third ventricle was not spared. Perivascular leukocytic infiltrations, edema, and cellular chromatolysis were present in the periventricular nuclei. The ganglion cells of the lateral tuberal and the mamillo-infundibular nuclei were pale and shrunken and were otherwise altered by fatty change. Simultaneously with her parents, the child contracted an upper respiratory tract infection one week prior to hospitalization. This was treated with apparent success by her family physician until 2 days before admission, when she awoke from a nap looking feverish, prostrate, and breathing heavily. These symptoms became worse; projectile vomiting occurred the next day and the temperature rose to 1070 F. About 9 hours prior to her removal to the hospital, a short generalized convulsion was followed by a lapse into semicoma.
The child appeared critically ill on admission to the hospital, was cyanotic and had rapid respirations punctuated by an expiratory grunt. Temperature was 41.20 C., pulse very rapid, and respirations were 60-70 per minute. She continued in semicoma. The pharynx was red but without exudate. The lungs were resonant and the breath sounds harsh, with a few metallic clicks heard in the interscapular regions. The neck was slightly resistant to extreme flexion; the knee-jerks, ankle-jerks, and abdominal reflexes could not be elicited; the Babinski sign was equivocal, the Kernig negative. Examination of the blood revealed 6,550,000 erythrocytes; 90 per cent hemoglobin; 40,500 white blood cells, 80 per cent of which were polymorphonuclear leukocytes and 17 per cent lymphocytes.
Despite stimulants, oxygen tent, and intravenous therapy, the course was precipitously downhill. It was felt clinically that besides pneumonia of the right upper lobe, a meningitis was also present. The spinal fluid, which was removed and examined postmortem, contained 16,700 white blood cells (90 5s per cent polymorphonuclear leukocytes) and gave a 4+ Pandy reaction. Gram-negative diplococci were found in the smear.
Necropsy.-This was started 3Y2 hours after death. Apart from an acute bronchiolitis and the presence of vegetable debris in a few pulmonary alveoli which had given rise to a scanty cellular reaction, interest was attracted to the distended stomach. Immediately below the esophagus, on the posterior wall of the cardiac portion of the stomach, a softened, eroded area was present which perforated on handling. Neither the gastric contents nor the necrotic area had a hemorrhagic appearance. There was no cellular reaction in the adjacent serosa or in the lesion itself on microscopic examination. The mucosa of the esophagus was entirely intact.
A thick, purulent exudate filled the cerebral and spinal leptomeninges as well as the cerebral ventricles. Cuffs of polymorphonuclear leukocytes, similar to those which are usually present along the cortical vessels in cases of meningitis, were found in the hypothalamic region. There was a necrotizing ventriculitis. The ganglion cells of the hypothalamic nuclei showed the same pale, ischemic changes as those of the anterior horns of the thoracic cord. In the former location there was, moreover, a mild proliferative gliosis. May 1, 1936 . Six weeks prior to hospitalization, an attack of the "grippe" kept the patient in bed for 14 days. From this time on he complained of intermittent pain in the right ear. He continued to work, however, until 12 hours before admission when he complained of sudden pain in the right side of the head. This was followed by a shaking chill and vomiting.
The temperature on admission was 1040 F., pulse 100, respirations 36 per minute, and blood pressure 140 over 90. No swelling or tenderness in the region of the mastoid bones was demonstrable, although the right eardrum appeared red and dull. The lungs and heart were entirely negative. Not completely comatose, the patient was nevertheless unresponsive to visual or auditory stimuli. The head was held stiffly and retracted. Superficial and deep reflexes were bilaterally hyperactive and a positive Babinski sign was elicited on the right. There was no ankle clonus or Kernig's sign.
The right ear-drum was incised to allow the escape of a thick, purulent exudate. It was obvious, however, from lumbar taps that a suppurative leptomeningitis was already present. The spinal fluid revealed an increased initial pressure of 300 mm. and 7000 white blood cells which were predominantly polymorphonuclear leukocytes. Culture of this fluid yielded type III pneumococcus. The clinical course was precipitously downhill with the development of coma and convulsive movements of the arms. The temperature was constantly elevated to 1050 F. Death occurred on the second day after admission to the hospital.
Necropsy.-This was performed 7 hours postmortem. The wall of the stomach, distended by half a liter of red-brown, cloudy fluid, revealed only numerous punctate mucosal hemorrhages. The presence of a small amount of acid fluid, entirely similar to the described hemorrhagic gastric contents, at the base of the left pleural cavity led to the discovery of a rupture in the esophagus (Fig. 3) . rhe site of perforation, about 3 cm. above the cardia in the posterior wall, measured 1.5 x 1 cm. It revealed ragged, hemorrhagic, and granular margins.
The right middle ear and cells of the corresponding mastoid bone were filled with a purulent exudate which had apparently produced an erosion of the petrous tip of the temporal bone. This was the source of an extensive suppurative cerebral meningitis. The exudate was thick over the convex surfaces as well as at the base of the brain. A slight subacute ependymitis was present in the third ventricle, but a more fulminating process was seen in the sheaths of the blood vessels in the periventricular parenchyma. A temperature swing to 106.4°F. occurred on the day following admission. Lumbar tap was productive of bloody fluid under slightly increased pressure. The patient never regained consciousness, his spastic paraplegia persisted and death occurred 42 hours after the accident.
Necropsy.-This was performed 8 hours postmortem. The tissues were in a good state of preservation. Polymorphonuclear leukocytes and clumps of bacteria in scattered pulmonary alveoli of the lower lobes gave evidence of an early aspiration pneumonia.
The peritoneal and pleural cavities were free from hemorrhages and gastro-intestinal contents. On the lesser curvature of the distal portion of the pylorus two small, punched-out mucosal ulcers were found, each measuring 4 to 5 mm. in diameter. On microscopic examination these were found to extend down to the muscularis. Dense, amorphous fibrin formed the bases of the ulcers, and their walls contained a few small round cells and polymorphonuclear leukocytes. The remainder of the gastric and lower esophageal mucosa contained numerous petechial hemorrhages covered by intact epithelium.
Fractures of the skull were confined to the orbital portion of the left frontal and to the ethmoid bones. The ethmoidal sinuses were filled with fresh blood. Associated with the fractures was a diffuse subdural and subarachnoid hemorrhage at the base of the brain. Multiple pinpoint hemorrhages were encountered in practically all of the gray and white matter, including the region around the third ventricle. The ventricular system was free from blood. Since, at this time (1929) , no particular significance was attached to the combination of hypothalamic lesions and gastro-intestinal ulcerations, careful histologic examination of these cerebral nuclei was not made.
Case 8. Severe head injury, followed by headaches, auditory disturbance, drowsiness, and personality change. Exploratory craniotomy; hematemesis two days later; death on following day. Large esophageal perforation and multiple cerebral hemorrhages at autopsy.
History.-The patient, a 53-year-old white male, was referred from the Lawrence Memorial Hospital in New London, Conn., to the neurological service of the New Haven Hospital on April 10, 1934, with a complaint of severe headache and drowsiness. About nine weeks prior to hospitalization, the patient struck his head with stunning force against a pipe. The first symptoms commenced one week later with a complaint of "double hearing," described by the patient as an over-vibration of sound (the patient was an organist). Severe headaches, accentuated by body movement, followed and became progressively worse. Several weeks later his personality changed from the usual worrisome, fretful type to a carefree and lackadaisical. Four days before his second hospitalization he became very drowsy and slept most of the time. There was no speech difficulty, dysphagia, weakness of the extremities, or difliculty in walking. Nausea, unassociated with vomiting, was a constant complaint.
On admission the temperature was 990 F., pulse 60 per minute, and blood pressure 125 over 65. Respirations were 25 per minute. The blood Kahn test was negative and the white blood count was 8,700. The red blood count was 5,200,000, with hemoglobin 99 per cent. Neurologic examination revealed tenderness to percussion over the right frontal bone; semicoma, from which the patient could be aroused to answer questions; impairment of memory for recent events; definite disorientation; slight but definite left external rectus weakness and facial weakness of the central type; increased deep reflexes and diminished cremasteric reflex on the left side; no giross disturbances in the motor or sensory systems.
With the idea of exposing a frontal lobe tumor, an exploratory craniotomy was done on April 11, 1934, but no tumor was encountered. The next day some chocolate-colored fluid under pressure was obtained by needling the subcortex. This fluid contained red blood cells but no crystals. Two days following the operation the patient began to hiccough and vomited at intervals a dark red, blood-containing fluid. The question of an interbrain lesion with acute peptic ulcer was immediately raised. A lumbar puncture yielded grossly bloody fluid under an initial pressure of 50 mm. and a final pressure of 45 mm. of water.
The patient's vital signs fluctuated greatly throughout his course in the hospital. The blood pressure varied between 125 to 170 systolic and 75 to 120 diastolic. The temperature rose to 1030 F. on April 13, dropped to 99.5°, and rose just before death on April 14 to 1010.
Necropsy.-This followed the death of the patient by 7 hours. The peritoneal cavity was entirely devoid of extraneous material, but approximately one liter of dark, chocolate-brown fluid was present in each pleural cavity. This bloody material came from a large erosion in the wall of the distal third of the esophagus. The margins of the perforation were shaggy and hemorrhagic, and were infiltrated microscopically by polymorphonuclear leukocytes and small round cells. The pleura over those portions of the lower lobes which lay in contact with the hemorrhagic material was eroded, and the underlying parenchyma showed a fresh focal pneumonia. Although the material in question was undoubtedly of gastric origin and lined the gastric mucosa, the latter was completely intact. Large, organizing extradural hematomas overlay the fronto-parietal regions bilaterally, corresponding, on the right, to the site of operation. Signs of increased intracranial pressure were seen in the moderately flattened cerebral gyri and in the cerebellar pressure cone. Moreover, the hippocampal gyri had herniated through the tentorial incisura. Generalized ventricular dilatation was not encountered, but the floor of the third ventricle was ballooned out as in hydrocephalus. In the gray matter surrounding this structure there were lesions of hemorrhagic and necrotizing nature. The left cornu ammonis formation and the right half of the substantia nigra were involved in a similar process. More extensive hemorrhage and necrosis, resembling an infarct, destroyed the left calcarine cortex. Numerous gray discolorations as well as fresh hemorrhagic foci replaced much of the reticular formation as well as the ventral nuclei of the pons (Fig. 4) .
There was microscopic confirmation of the non-inflammatory etiology of the cerebral lesions. Fat-granule cells and vascular changes in the zones of necrosis gave proof of the subacute nature of the lesion. Multiple foci of cortical necrobiosis were associated with intimal and adventitial proliferation of small blood vessels.
Case 9. Violent fall to pavement resulting in skull fracture and subarachnoid hemorrhage. Gross hemorrhages in midbrain, microscopic cellular changes in interbrain, and gastromalacia found at autopsy.
History.-On October 1, 1935, a cow which this 55-year-old white male was leading along the highway suddenly bolted, throwing him with his head against the pavement. Less than two hours later the patient was examined in the accident room of the New Haven Hospital. He was semiconscious and persisted in the single phrase "snap-it." Blood pressure was 140 over 80, pulse 76 per minute. There were diffuse contusions of the scalp over the right temporo-occipital region, but no lacerations of the skin at any point. There was also bleeding from the right ear. Neurological examination was practically impossible; the patient became violently resistant. He continued irrational and restless for three days and then lapsed into unconsciousness. The neck became slightly rigid. Localizing signs remained obscure. Spinal tap on the second day following admission revealed a moderately increased pressure and a strongly blood-stained fluid. On each of the following days 15 cc. of spinal fluid, which became increasingly clear, were removed. The pressure after the second day was never elevated. On October 9, 1935, the respirations became labored and the patient died without signs of pneumonia having developed.
Necropsy.-This was begun just 2 hours after the patient's death. Most of the stomach contents were found emptied into the upper left abdominal quadrant, but no peritoneal inflammatory reaction was evident. The entire fundic portion of the stomach along the greater curvature was replaced by one large hole which was bridged by several trabeculations of thin necrotic tissue. The gastric mucosa around the rupture had a white, opaque appearance. In the intact mucosa of the lesser curvature marked vascular congestion was noted.
When the calvarium was removed, multiple fractures of the base of the skull were found in all the cranial fossae. Extensive and partially organizing epidural, subdural, and subarachnoid blood clots coated the brain coverings. Deep lacerations involved the frontal and temporal poles of the cerebtum bilaterally. The only deeper-lying structure affected by grossly visible hemorrhage was the midbrain. The pons contained myriads of petechiae and one large fresh hemorrhage in the region of the aqueduct which compressed the lumen of this structure and destroyed the medial lemniscus, the 4th nerve nucleus, and the reticular substance (Fig. 5) .
Despite the absence of macroscopic lesions, the venules of the tuber cinereum were found to be congested and some of them had wide perivascular edema spaces. The ganglion cells of the tuberal groups of nuclei showed extensive chromatolysis. Examples of pericellular encrustations could be ascertained in the nucleus paraventricularis. History.-On October 21, 1935, the patient, a large Italian male, was admitted to the psychiatric service of the New Haven Hospital for observation. His condition had previously been diagnosed as manic-depressive psychosis. One week following admission he was taken for an automobile ride by his brother against the advice of his physicians. At a gasoline station the patient entered the service hut alone and discharged a 22-calibre rifle beneath his chin. Admitted to the accident room of the New Haven Hospital in a semicomatose condition shortly after the accident, the patient had respirations of 40 per minute, a pulse of 120, a blood pressure of 98 over 70, and a temperature of 1040 F. Crepitation was elicited over the left frontal bone.
The eyelids were edematous and ecchymotic bilaterally. He bled from the nose and passed occasional bits of bone and brain tissue from the left naris. The bullet track could be traced through the chin, tongue, hard palate, and left naris; the bullet had obviously penetrated the base of the skull and the brain substance. Neurologic examination revealed hyperactivity of all the reflexes with the exception of the abdominals. There were a positive Babinski sign and a sustained ankle and patellar clonus bilaterally.
Despite intravenous administration of 10 per cent glucose and 500 cc. of blood, the temperature and pulse of the patient continued to rise, the respirations became labored and he lapsed into coma. Several minutes before death, which occurred about 16 hours following the accident, the patient vomited 200 cc. of fresh blood.
Necropsy.-This was performed less than 2 hours postmortem. The lower lobes of both lungs were markedly congested and showed microscopically a mixture of massive hemorrhage and acute pneumonic reaction to recent aspiration of blood and bacteria.
About 100 cc. of a green-black, sour-smelling fluid, obviously gastric contents, were found in the left upper quadrant of the peritoneal cavity. The peritoneum of this region was discolored, but revealed no inflammatory reaction. The presence of gastric material in the peritoneal cavity was due to three round perforations, the larger of which measured 2 cm. in diameter, in the fundus of the stomach (Fig. 6 ). The gastric wall around the perforations was thin and hemorrhagic. An oval rupture having a similar punched-out appearance and hemorrhagic margins was found in the lateral wall of the cardiac end of the esophagus.
The bullet took a slightly diagonal course from the midline of the mandible, through the tongue, hard palate, nasal septum, frontal sinus, and anterior pole of the left frontal lobe of the brain. The flattened bullet itself was discovered in the fractured frontal bone over the pierced dura. Laceration and hemorrhage in the left frontal pole, which harbored the track of the bullet, were most extensive. Removed from this seat of direct trauma were hemorrhages throughout the inferior mesencephalon, involving the 3rd nerve nucleus on the right and bordering on the aqueduct. There was no blood, however, in the ventricular system. So severe was the traumatic force in three of these cases that skull fractures resulted. Coma, ranging from 16 hours to 4 days in duration, preceded death in every instance. In Case 8 repeated bloody vomiting occurred some hours, in Case 10 but 2 minutes, before the end. The significance of the elevation of temperature in Cases 7, 8, and 10 was difficult to evaluate due to the complicating aspiration pneumonia.
In the patients cited for hematemesis, the perforations of esophagus and stomach produced antemortem hemorrhage into the surrounding serous cavities. A non-hemorrhagic gastromalacia was evident in Case 9. Since the autopsy in this case was performed very shortly after death, the lack of hemorrhage or cellular reaction in the peritoneum does not preclude the probability of antemortem digestion of the gastric wall. Inflammatory reactions were quite evident around the ulcers in Cases 7 and 8. The hemorrhagic pyloric ulcers in the former had not yet advanced to perforation. Moreover, they represented the circumscribed type of lesion which might conceivably have gone on to healing.
The interbrain was not examined histologically in Case 7. In Case 10 only was this part of the brain intact on microscopic examination, but hemorrhages were present in the peri-aqueductal region of the pons. Lesions in this part of the nervous system are probably as important from the standpoint of erosions in the alimentary tract as are lesions in the hypothalamus itself, since they may produce an interruption or stimulation5 of parasympathetic nervous impulses to the viscera involved. Necropsy.-Post-mortem examination was begun 12 hours after death. Several sharply punched-out gastric ulcers were found on the mucosal surface; these were located within 3 cm. of the pyloric end of the organ. There was no cellular reaction in the vicinity of the ulcers on microscopic examination.
The left internal carotid artery and its middle cerebral branch were completely occluded by an organizing thrombus. Microscopic study of the walls of these vessels indicated an arteritis of a non-specific nature. Corresponding to the distribution of the occluded vessels there was necrosis of the genu of the left internal capsule, the anterior part of the thalamus, and the adjacent brain tissue.
Case On the morning of her final admission to the hospital the patient was suddenly seized with headache and vomiting. Later in the day she was found prostrated, with stiff neck and muscular twitchings. The vomiting continued; the vomitus was described as becoming increasingly darker.
Examination in the hospital revealed a very obese woman who was drowsy, irrational, and could be aroused only by painful stimuli. The temperature was 102.80 F., pulse 72, blood pressure 150 over 98, and respirations were 32. Lumbar puncture yielded a sterile, bloody fluid under slightly increased pressure (250 mm.). 'There were positive Babinski and Kernig's signs. During the brief course in the hospital (6 days) the neck was held in a retracted position and the patient could at no time be aroused from her state of semicoma. Terminally the temperature rose to 1060 F. Necropsy.-This was performed one hour postmortem. The body weighed 195 pounds. There were no significant lesions in the heart, and the only renal lesion noted was a small recent infarct in the lower pole of the left kidney. Recent infarcts were also observed in the spleen. Pneumonia was not present in either lung.
The stomach revealed several small, punched-out mucosal ulcerations, measuring not more than 2 mm. in diameter, which were confined to the cardiac end. The ulcers had gray bases and hyperemic margins; microscopically they consisted of necrotic mucosa which was devoid of inflammatory cellular reaction.
Infarction of the frontal lobes due to emboli in smaller branches of the anterior cerebral arteries had permitted fresh blood to escape into the subarachnoid space over the convex surface of the brain as well as into the *anterior horns of the lateral ventricles. The septum pellucidum and the posterior half of the corpus callosum were necrotic. There was apparently no involvement of the hypothalamus or the midbrain.
Case 13. Sudden onset of semiconsciousness and left hemiplegia in 88-year-old woman. Hospital course of 4 days. Hyperthermia. Thrombi in both internal carotid arteries; massive cerebral infarction, gastromalacia, duodenal ulcer, and ulcerated esophagitis at autopsy.
History.-The patient, an 88-year-old white woman, was admitted to the New Haven Hospital on February 2, 1937, in a semiconscious condition and with left hemiplegia. A midthigh amputation had been performed in 1930 because of a rapidly progressive gangrene of the left leg resulting from thrombosis of the popliteal artery. Never diabetic, the patient's blood pressure at the time was 152 over 70. A story of mild cardiac distress was deduced from complaints of dyspnea and palpitation on exertion. The patient was able to get about in her wheel-chair until the morning of hospitalization, when she was found groaning and unconscious on the bathroom floor. Non-hemorrhagic vomiting occurred in the accident room of the hospital.
Temperature on admission was 99.2°F., blood pressure 110 over 70, pulse 100, and respirations were 20 per minute. The patient was gradually becoming more rational but was still drowsy. There was spastic paralysis of the left arm; the corresponding side of the face was also paralyzed. Head and eyes were turned to the right; the tongue deviated to the left.
Pupillary reaction was present. Further examination revealed a heart slightly enlarged to the left, no murmurs but numerous extra-systoles. Chemistry of the blood was normal as to non-protein nitrogen and sugar. Lumbar tap showed clear fluid and normal dynamics.
Improvement was gradual until February 4, when her temperature rose to 1050 F. and she lapsed into coma. The following day her temperature rose to 1070 F., fell to 105°, and rocketed to 1070 again just before death. Signs of pneumonia were absent and the fever was considered of central (cerebral) origin.
Necropsy.-This was begun 4 hours postmortem. Signs of a surprising amount of damage to the upper gastro-intestinal tract were disclosed with the abdominal incision. Residing chiefly in the upper left peritoneal cavity was a turbid, non-hemorrhagic fluid which had produced partial autolysis of the splenic, hepatic, and pancreatic surfaces. This acid gastric material had obviously been discharged through several large holes in the cardiac end of the stomach (Fig. 7) . The remainder of the gastric wall was thin and partially digested, but there were no hemorrhages. A hemorrhagic ulcer measuring 1 cm. in length was present in the duodenal mucosa. The esophageal mucosa was eroded and had a mottled green-black appearance in its lower two-thirds. A recent ulcer marked the level of the tracheal bifurcation. Microscopically, the duodenal epithelium at the site of the hemorrhage was necrotic and infiltrated with polymorphonuclear leukocytes. The devastation of the esophageal epithelium was more complete and was-accompanied by edema and an inflammatory cellular response in the submucosa.
Both internal carotid arteries were occluded by thrombi. The more recent process was in the left vessel, from which the thrombus extended into the left anterior and middle cerebral arteries. The clot in the right internal carotid artery was almost completely organized and partially canalized.
The cerebral hemispheres were diffusely soft from infarction. The ganglion cells of the cortex had disappeared in large areas. Large necrotic zones riddled the subcortical white matter. Veins were engorged and surrounded either by clear edema spaces or "ring" hemorrhages. Multitudinous collections of fat-granule cells filled with iron pigment and debris constituted the glial reaction.
The central gray was damaged to an amazing degree by necrosis which had wiped out large portions of the thalami and globus pallidi. The alteration of the ganglion cells in the nuclear masses of the interbrain, although not so marked as in certain other parts of the brain, was significantly advanced. Tuberal, mamillo-infundibular, paraventricular, and supraoptic nuclei were involved in the ischemic process. August 28, 1936 , and died soon afterwards. He was a known hypertensive for at least 15 years. Ten years prior to his final hospitalization he had experienced an attack of unconsciousness followed by a right hemiplegia, disorientation, dysarthria, and logoclonia. He was able to walk again after 6 weeks, but continued to drag the right foot. Muscle function in the right upper extremity was never fully regained.
He was discovered in an unconscious condition by a neighbor shortly before admission to this hospital on August 28. He had vomited and had been incontinent of urine and feces. The patient was in coma and breathing stertorously; the temperature was 102.40 F., pulse 82, blood pressure 200 over 140, and respirations were 22. The corneal reflexes were absent and the pupils were fixed and of small size. The retinal arteries were thin and tortuous. No stiffness of the neck was noted. There was spasticity of the left leg; the right hand was clenched and the forearms were flexed. The deep reflexes were hyperactive bilaterally, particularly on the right, and the superficial reflexes were absent. Ankle and wrist clonus was in evidence on the right. The Babinski response was plantar on the right, absent on the left. Both lungs were negative to percussion, but local tracheal rhonchi obscured the breath sounds. The left border of cardiac dullness was 12 cm. from the midsternal line; rate and rhythm were not unusual. It was evident clinically that arteriosclerosis and hypertension had contributed to a second cerebral hemorrhage. Several hours after admission to the hospital, considerable mucus accumulated in the throat and the patient became cyanotic. Restorative measures were futile.
Necropsy.-This was performed 4 hours after death. During gentle palpation of the abdominal viscera while still in situ, the stomach suddenly exuded a small quantity of cloudy, liquid material containing suspended brown particles. An extensive softened area in the anterior wall of the gastric fundus had precipitated a post-mortem perforation whose margins were thin and non-hemorrhagic and contained no cellular inflammatory reaction. There were no other erosions; the esophagus was intact.
The cardiac hypertrophy corresponded to the long-standing history of hypertension. Arteriosclerotic changes were striking in the renal, coronary, and cerebral vessels.
Occluded by a freshly laminated thrombus whose head stopped just short of the communicating branch, the right anterior cerebral artery gave rise to extensive hemorrhage in the right centrum semi-ovale. This hemorrhage projected into the anterior horn of the right lateral ventricle, destroyed the septum pellucidum, and filled the entire ventricular system. The thrombus was very likely on an atherosclerotic basis as suggested by the process in the intima of the vessel harboring it and in the intima of the remaining arteries of the circle of Willis.
There was no frank hemorrhage in the hypothalamus, but the adjacent globus pallidus was destroyed and the hypothalamic venules were all markedly engorged (Fig. 8) . The third ventricle was distorted by the fresh hemorrhage within it. The surrounding parenchyma was so compressed that changes of an ischemic nature in the cells which composed the tuberal and mamillo-infundibular nuclei had resulted. These ganglion cells contained abnormal amounts of light yellow, lipoid pigment in their cytoplasm. The cytoplasm itself appeared granular and in process of disintegration. Hemorrhage into the reticular formation of the left side of the pons and "ring" hemorrhages and cell disappearance in the cornu ammonis formations were the only other parenchymal lesions found. History.-This patient, a 62-year-old white male, was admitted to the New Haven Hospital on January 31, 1927, with a right hemiplegia. There was no record of hypertension in his past history. On January 23, 1927, the patient shoveled snow and became unusually fatigued. Two days later relatives noted that he was drowsy and unresponsive and that the right side of the face seemed to be paralyzed.
On admission the temperature was 101.20 F., pulse 80, blood pressure 130 over 65, and respirations were 24. There was a well-marked right facial weakness and spasticity of the right arm and leg. The tongue was tremulous and protruded to the right. Examination of the chest, heart, and abdomen was negative. It was apparent that some form of vascular cerebral accident had occurred. The blood Wassermann was negative with both antigens. The elevated temperature and low blood pressure persisted. Until February 6 there was gradual improvement from the paralysis, but then increased stupor and confusion ensued and a terminal pneumonia developed. The heart sounds became faint towards the end and electrocardiogram indicated a right bundle block.
Necropsy.-This was performed 3X2 hours after the death of the patient and unfortunately did not include an examination of the brain. It established the findings of generalized arteriosclerosis, myocardial fibrosis, cardiac hypertrophy and dilatation, chronic passive congestion of the viscera, and focal pneumonia. In addition, there were found two sharply circumscribed gastric ulcers which lay opposite each other on the anterior and posterior walls of the stomach. Located 5 cm. above the pyloric ring, each measured 1 cm. in diameter and penetrated the submucosa. The base of one was crusted over with blood. Microscopically there was vascular congestion in their vicinity but no inflammatory exudate.
Fever, as might be expected with loss of consciousness over relatively long periods of time, was present in each of the 5 cases of this group. In Cases 12 and 13, however, the fever rose to such heights (106 and 1070 F. respectively) that it was considered clinically to be of central origin rather than merely due to an infectious process such as pneumonia. Infection was not demonstrable on post-mortem examination in Case 12 and was present only in the esophagus, at the site of the ulcerative lesion, in Case 13.
Gastromalacia was present in each of the 5 cases, but in 3 instances (Cases 11, 12, and 15) there were no gastric perforations. In 1 other instance (Case 14) perforation occurred during manipulation of the stomach at necropsy. In Case 13 only, therefore, had the perforations occurred prior to the beginning of the post-mortem examination, as was evident from the fact that the spleen, liver, and pancreas were partially digested by the gastric juice. The age of the gastric lesions obviously could not be determined with absolute certainty, but it would appear that most of them were of "agonal" origin. The presence of blood in one of the gastric ulcers of Case 15 and the inflammatory reactions at the sites of the duodenal and esophageal lesions in Case 13, however, definitely-indicated the existence of these changes in the alimentary tracts for some time prior to the death of the individuals concerned. It could even be argued that the vomiting which occurred in three of the patients (Cases 12, 13, and 14) was the result of some gastro-intestinal disturbance which was related to the anatomic findings revealed at necropsy.
The vegetative nuclei of the interbrain were injured in Cases 13 and 14, and possibly also in Case 11. Since the brain was not examined in Case 15, a positive statement cannot be made concerning the condition of the hypothalamus. The clinical observation of a right hemiplegia, however, indicates at least some organic injury to the brain, even though this cannot be more accurately localized. In only one instance (Case 12) in this group was the hypothalamus definitely free from anatomxically demonstrable lesions.
Hemorrhage from Cerebral Aneurysm
The following case of ruptured aneurysm of a cerebral vessel is unique among reports hitherto published on the syndrome of gastro-malacia and interbrain lesions. It was included in another association in a recent publication by Dial and Maurer.4 Case 16. White male of 37 years uith frequent mild headaches and moderately elevated blood pressure. Sudden severe headache followed by coma, bloody s,pinal fluid, and hyperthermia. Second attack resulting in right hemiplegia followed by third and fatal attack. Necropsy--ruptured aneurysm of left anterior cerebral artery, hemorrhages in third ventricle and paraventricular gray matter; gastromalacia.
History.-The patient was a 37-year-old white male, who was admitted to the New Haven Hospital on November 18, 1935, in a barely rational condition which changed to semicoma within several hours. The onset was sudden with a severe frontal headache and a unique sensation of "something snapping in his head." More generalized headaches of a milder nature had been experienced several times a month during the preceding years. In 1929 his blood pressure was 120 over 80 and in March, 1935, it was 160 over 100.
The temperature on admission was 99.20 F., pulse 64, respirations 22, and blood pressure 160 over 90. Pupils were pin-point and did not react to light. After a few hours the patient responded to painful stimuli only. The deep reflexes were hyperactive bilaterally; the superficial reflexes were absent. The Kernig sign was positive and there was a bilateral positive Babinski sign. The Kahn reaction of the blood and the Wassermann reaction of the spinal fluid were negative. Lumbar puncture yielded grossly bloody spinal fluid under slightly increased pressure ( 170 mm. water). On November 20, 1935, the patient had regained consciousness, which facilitated a more detailed neurological examination with the following findings: The patient was lethargic but co-operative. There was slight blurring of the optic discs; the right pupil was smaller than the left, but both reacted equally to light and in accommodation. A rapid lateral nystagmus was more marked on the right; there was no strabismus. Taste sense was completely absent on the anterior two-thirds of the tongue; the neck was stiff. Hyperactive biceps and triceps, absent abdominal and cremasteric reflexes, and normal plantar responses were elicited. Improvement in the patient's condition was paralleled by decreasing numbers of red blood cells in the cerebrospinal fluid. An unexplained rise in temperature to 1040 F. occurred on November 22, persisted for several days and came down by lysis on December 1. Suddenly on this day there was again a lapse into coma with flaccidity of the right side and a positive Babinski sign on the right. By December 7 the patient was again out of coma, and steady improvement ensued for a week. On December 14 the blood pressure rose to 180 over 100, the respirations became Cheyne-Stokes in type and the -patient was in coma. A lumbar puncture revealed fresh hemorrhage and was followed by exitus several hours later.
Necropsy.-This was begun 3 2 hours following the death of the patient. Of interest was the large recent erosion, 2 x 3 cm. in size, in the esophageal Wall immediately above the level of the diaphragm. Several hundred cubic centimeters of a dark brown, sour-smelling gastric material, which discolored and eroded the pleurae, were found in each hemithorax. The process in the esophagus as well as in the pleura was unaccompanied by an inflammatory reaction. There was aspiration pneumonia in both lungs. The stomach wall, and especially its mucosal lining, revealed nothing of note.
A large aneurysmal mass lay attached to the junction of the left anterior cerebral and the communicating arteries. This aneurysm was filled with lamellated blood clot which was still quite fluid in its more peripheral portions. The disintegrated wall of the sac had permitted the filling of the entire ventricular system and subarachnoid space with recent hemorrhage. Goldenbrown blood pigment, already phagocytized in the wall of the aneurysm and in the meninges, gave proof of an earlier hemorrhage.
The third ventricle was dilated by the recent hemorrhage and the paraventricular gray matter was stained with old blood pigment. Focal zones of recent hemorrhage, resulting probably from venous stasis, destroyed the nuclei of the posterior hypothalamus.
Comment
This case fulfills both requirements, an erosion in the alimentary tract and a lesion in the interbrain, which permit its indusion in the syndrome under discussion. Again it is impossible to determine the exact time at which the esophageal perforation occurred. Blood in the third ventride with compression of the paraventricular gray matter, as in this case, has been held responsible by others for alimentary tract lesions, but here, in addition, the diencephalic nudei were destroyed by recent hemorrhage.
Cerebral Arteriosclerosis with Gliosis in Interbrain
The following case stands alone as an example of this unusual cerebral pathology. History.--Classical symptoms of rectal malignancy, such as pain on defecation, bloody stools, diminished caliber of stool, and pain on sitting, preceded by several months the hospitalization of this 45-year-old white female. Digital examination at the New Haven Hospital on December 27, 1932, revealed a firm, irregular, and tender mass in the posterior rectal wall which bled easily on palpation. Proctoscopic examination and biopsy both confirmed the diagnosis of carcinoma.
Little time was lost in carrying through a two-stage abdomino.perineai resection. The distention which followed the colostomy of the first proceiure necessitated gastric lavage over a period of five days. On January 13, 1933, 2 days after the second stage of the operation, the patient suddenly became dyspneic and orthopneic. At this time the white blood count was 17,250 cells. Signs of cardiac failure increased despite digitalization. The temperature rose rapidly to 1060 F. Unconscious for 36 hours before death, the patient had a generalized convulsion during her last hour.
Necropsy.-Examination was begun 4 hours postmortem. An extensive purulent exudate had dissected along the subcutaneous tissues of the abdomen adjacent to the colostomy opening. However, there was no sign of peritonitis. On delicate handling of the abdominal viscera, there was a flow of chocolatebrown material from the region of the stomach. Further examination revealed the rather startling findings of a large hole in the left leaf of the diaphragm, complete erosion of the posterior wall of the stomach, and brownish gastric contents to the amount of several hundred cubic centimeters in the left pleural cavity. Protruding through the diaphragmatic perforation was a portion of the left lobe of the liver measuring 5 x 4 cm. which was covered by a red, granular exudate. Reaction to the gastric contents in the left pleural cavity was seen in the form of a fresh fibrino-purulent pleurisy. The margins of the gastric perforation were soft and irregular, with no notable microscopic reaction other than necrosis.
The duodenum presented a further interesting supplement in the numerous small mucosal erosions covered by dark brown hemorrhagic material, and in the scattered submucosal hemorrhages.
Macroscopically the brain and large cerebral arteries appeared unaltered. On histologic examination the small parenchymal arterioles presented a picture of intimal proliferation, particularly striking in the basal ganglions and interbrain. A far more than normal deposition of calcium was apparent in the media of the blood vessels in the globus pallidus. These vessels, as well as the arterioles of the putamina and nuclei about the third ventricle, showed intimal thickening and wide, clear perivascular spaces. Necrosis and cellular exudation were not present. The response to the vascular process was essentially one of glial proliferation in the subependyma of the third ventricle and in the anterior nuclei of the interbrain (Fig. 9) . The ganglion cells of the supraoptic and paraventricular nuclei appeared intact, but were compressed by a glial network of astrocytes and Hortega cells.
In this case, as in all the others described thus far, coma ushered in the final hours of the patient's life. But whereas in the others it was attributed to meningitis or intracranial hemorrhage, in this case there was no acute anatomically demonstrable cerebral lesion to ahccount for it. The terminal convulsive episode may have been an expression of an acute functional disorder of the nervous system of which the gastric perforation was simply another expression. Certainly the only anatomic lesions in the brain which could be implicated in the latter connection were those of a chronic nature found in the interbrain. The hyperthermia in the present instance could more readily have been attributed to a central lesion were cellulitis of the abdomen not present.
The importance of the extensive calcification in the vessels of the pallidal nuclei cannot be over-emphasized, although some calcification is normally present in this location. Ordinarily it is associated with the deposition of small amounts of hemosiderin but not, as in this case, with dense gliosis. Staemmler," in his report of large calcific deposits in the globus pallidus, did not attempt to relate this finding to the chronic duodenal ulcer in his patient. That, however, has since been done for him by other workers. Not entirely analogous to Staemmler's case, in which calcium was in large part deposited in zones of necrosis rather than exclusively in blood vessels, our case, nonetheless, had lesions in the pallidal nuclei. But it had similar changes, gliosis in the supraoptic and paraventricular nuclei of the hypothalamus.
The time of the gastric perforation in this instance could be determined with some certainty as occurring on January 13, when the patient experienced sudden dyspnea and orthopnea. The diaphragm was apparently perforated at that time, allowing the escape of the gastric contents into the pleural cavities. Further proof for the antemortem perforation of the stomach is to be had in the presence of the fibrino-purulent pleurisy.
Encephalitis
The one case of encephalitis which appears in the series has the relatively infrequent etiology of measles.
Case 18. Measles encephalitis in 15-year-old girl. Hyperpyrexia.
Necropsy-petechiae and proliferated glia around venules in cerebral white matter; "liquifactive" change in ganglion ceUs of cortex, basal ganglions, and interbrain; perforation of esophagus and stomach.
History.-On April 3, 1935, eighteen days following exposure to measles, this 15-year-old white girl became quite ill with the usual manifestations of sore throat, marked photophobia, and rash. The latter was at first hemorrhagic in character but began to fade with the patient's general subjective improvement two days later, when the temperature was 1000 F. On April 6, she became lethargic and irritable. She vomited once and complained of headache. For 8 hours prior to admission to the hospital it was difficult to arouse her. The erythema had reappeared in its hemorrhagic form and the temperature had risen to 103.60 F.
Blood pressure on admission to the New Haven Hospital on April 7 was 120 over 60. There was tenderness over the cranial sinuses and eyeballs. The optic discs appeared blurred around the margins, but there was no definite papilledema. Corneal reflexes could not be obtained. The pupils were small and immobile, and the eyes did not move conjugately. Signs of meningeal irritation were absent. There were changes in the muscle tone, with flexion spasms of the right arm and extensor spasms of the left leg. In addition, there were transitory periods of tremor which were particularly noticeable in the left arm. The jaws tightened and then relaxed periodically. Breathing was difficult, due to mechanical obstruction of the air passages by the tongue. Repeated generalized convulsions occurred irregularly and were followed by deep breathing. The deep reflexes were variable, depending on the state of muscle tonus. The abdominal and plantar responses could not be elicited. The spinal fluid was of ground-glass opacity and contained 670 white blood cells, 90 per cent of which were lymphocytes. Pandy was 2+. Bacteriologic culture of the fluid yielded no growth.
Definite choking of the optic discs and hyperemia of the fundi were noted during the next two days. The right arm and leg became flaccid; the left arm was held in rigid extension and the left leg was stiff. Muscular twitches did not occur and there were no gross tremors. The neck continued supple. The temperature rose steadily from 1030 to 106.60 F. Exitus occurred on the morning of April 9, when the lungs and trachea suddenly filled with pink tenacious mucus.
Necropsy.-This followed the death of the patient by 4 hours. Large perforations of the fundus of the stomach and of the distal end of the esophagus permitted communication of the alimentary tract with the upper peritoneal and left pleural cavities, producing a soiling and discoloration but no exudative reaction in either cavity. The walls of the gastric and esophageal erosions presented the picture of autolysis microscopically.
The typical changes of measles encephalitis were found on examination of the brain. On frontal section the white matter, chiefly in the frontal and occipital lobes, had a flea-bitten appearance. The brain as a whole was edematous. On microscopic study there were seen perivascular hemorrhages and glial proliferation. The venules, which were primarily involved in the perivascular reaction, also showed intimal swelling. The nerve cells of the cerebral cortex, basal ganglions, and nuclei of the interbrain were altered by a "liquifactive" change which was characterized by perinuclear vacuolization and loss of tigroid substance (Fig. 10) . Many cells had an "ischemic" appearance and were shrunken. The end-stage of the process was seen in the patchy disappearance of ganglion cells in the cortical gray matter.
Comment
It is obviously not justifiable to attribute the coma and hyperthermia in this case exdusively to the lesion in the interbrain in view of the widespread distribution of the encephalitic changes. The gastric and esophageal perforations apparently occurred as a terminal event.
Brain Tumor Examples of cerebral neoplasms are preponderant in the literature which has developed on the subject of the interbrain and ulcerative lesions in the gastro-intestinal tract. The following two instances are typical.
Case 19. Symptoms of increased intracranial pressure in 10-year-old boy. Exploratory craniotomy nine months after onset of illness with parti removal of craniopharyngioma. Necropsy-region of tuber cinereum found compressed and replaced by neoplasm; esophageal perforation and gastric erosion.
History.-Early in 1928 this 10-year-old boy began to have dizzy spells and blurred vision, as well as tinnitus and deafness in the left ear. With progressing severity of these symptoms he gradually became ataxic. In April, 1928, a roentgenogram of the skull revealed "an invasive, calcifying tumor formation arising from the region of the sella turcica." A few months later, daily nausea and vomiting occurred. Numbness and weakness of the right side became increasingly marked and interfered with walking. Admission to the New Haven Hospital finally took place on September 21, 1928.
The boy was both irritable and drowsy, and somewhat disoriented. He had no demonstrable speech defect. Cranial nerve impairment involved light perception in the right eye which was better on the nasal half of the field. The fundi showed papilledema of 2 diopters on the right and 5 diopters on the left. There was advanced secondary optic nerve atrophy which was more marked on the left. Slight weakness of the left external rectus muscle was noted. The eyes showed spontaneous nystagmoid jerks with the quick component to the left, also the conjugate roving nystagmus of acquired ambliopia. The right pupil was larger than the left; both were dilated. The corneal reflex was absent on the left and sluggish on the right. Marked left facial weakness of the peripheral type was present. Hearing was impaired on the left. Weakness of the left side and an impaired finger-to-nose test on the left were further observed. Sensory examination was unsatisfactory. The deep reflexes on the left were relatively hyperactive.
Bilateral ventriculography revealed marked internal hydrocephalus. Roentgenographic examination of the skull disclosed a calcified suprasellar tumor measuring about 3.5 cm. in diameter. On October 6, 1928, an exploratory craniotomy was made through a large left fronto-parietal flap.
Part of a partially calcified cholesterin-containing tumor was removed after division of the left optic nerve. The patient continued downhill, however, for the next 124 days and expired on February 5, 1929. Necropsy.-Post-mortem examination was performed within 13 hours of the death of the patient. At the lower end of the esophagus, just above the diaphragm, was a perforation which measured 1.5 cm. in diameter. This lesion lay in the posterior esophageal wall and produced erosion of the parietal pleura of the mediastinum, permitting the discharge of gastric contents into both pleural cavities. The left pleural cavity contained about 500 cc. of a dark, bloody, sero-fibrinous exudate. The right contained 100 cc. of the same type of material. The posterior portions of the lower lobes of both lungs were covered with a fibrino-purulent exudate. Microscopic-examination of the lungs revealed disseminated areas of necrosis resembling the abscesses of an aspiration pneumonia. The stomach was small and was lined with an intact mucosa except for a small, imperforate, superficial erosion just below the cardia.
Almost the entire left hemisphere of the brain beneath the large bone-flap formed a bulging hernia cerebri. Leptomeninges and subdural space were free from hemorrhage or inflammatory exudate. The optic chiasm and infundibulum were surrounded and distorted by the calcified and cystic neoplasm which also compressed the pituitary body to a thin disc (Fig. 11) . Extension posteriorly through the incisura of the tentorium produced marked compression of the angle formed by the left aspect of the pons, medulla, and cerebellum. The left lobe of the latter was reduced by pressure to a thin, saucer-shaped mass. The ventricular system appeared to have suffered from the external pressure of the neoplasm. The scalloping of the left side of the pons had resulted in an almost complete occlusion of the aqueduct and, as a consequence, both lateral ventricles and the third ventricle were greatly dilated.
Histologically, the tumor was composed of a stroma of fibroblasts arranged in whorls which supported a membrane of tall, columnar epithelial cells that lined intercommunicating cavities. The stroma and the cysts contained deposits of calcium salts, and the cysts also contained needle-shaped spaces of the contour of cholesterin crystals. The tumor was obviously a craniopharyngioma.
Case 20. Signs of intracranial neoplasm in 47-year-old malte who had laparotomy for perforated peptic ulcer 20 years previously and gastric symptoms during past 10 years. Craniotomy with removal of tumor in right centrum ovale. Repeated vomiting of cofee-grounds material. Necropsy -adenocarcinoma of pylorus with metastases to lung and brain; operative hemorrhage in 3rd ventricle region; esophageal perforation; gastric contents in right pleural cavity.
History.-On September 13, 1937, while talking to a friend on the street, the patient, a white man aged 47 years, suddenly experienced a "tremor-like disagreeable odor." A few seconds later he collapsed, his face became cyanotic, breathing was noisy, and he foamed at the mouth. There were no convulsions, but he remained unconscious for 20 to 30 minutes. Memory was clouded and he seemed dazed when consciousness was regained. Hospitalization at this time failed to disclose the nature of the attack, but there subsequently appeared radiating occipital to frontal headaches as well as spells of nausea, vomiting, and dizziness.
When admitted to the New Haven Hospital on November 8, 1937, the patient had no focal localizing signs in the nervous system. Lumbar puncture revealed an initial spinal fluid pressure of 265 mm., a total cell count of 2 per cu. mm., 4+ Pandy reaction, and negative colloidal gold and Wassermann reactions. Ventriculography disclosed a displacement of the third ventricle to the left with some deformity. There was also some deformity of the left lateral ventricle with pocketing of air; the anterior horn of the right lateral ventricle failed to fill.
On December 1, 1937, a right frontal craniotomy was performed and a large cyst with solid tumor was found in the region of the anterior horn of the right lateral ventricle. Part of the tumor seemed to extend downwards into the third ventricle and was removed. The patient appeared to be making satisfactory progress when, on the sixth post-operative day, the temperature rose to 102.0 F. and coma supervened. Re-elevation of the bone-flap disclosed a large extradural blood clot which was removed. On two occasions the patient vomited large amounts of coffee-grounds material which was Guaiac positive (4+). Death occurred 2 days later after a very large amount of the same kind of material was vomited.
The significance of the following facts in the past history and laboratory data became apparent only after the necropsy was performed. Twenty years ago (at 27 years of age) the patient had a perforated gastric ulcer which necessitated laparotomy. During the past 10 years there occurred repeated bouts of gastric pain and vomiting, usually 2 or 3 hours after eating. Gastric analysis showed no free HCl in the fasting contents. Total acid was 2.5 cc.; lactic acid, negative. After histamine, free HCl was 5 cc.; total acid, 10 cc.; lactic acid, negative. The erythrocyte count was consistently elevated at 5.8 million; hemoglobin was 104 per cent.
Necropsy.-Post-mortem examination was performed 5 hours after exitus and revealed a chronic peptic ulcer with an adenocarcinoma of the pylorus. None of the regional lymph nodes was involved by the tumor. The left pleural cavity contained 80 cc. of clear, pale yellow fluid, whereas the right cavity contained about 200 cc. of dark, turbid fluid in which were present. black particles of changed blood. The origin of this material was a rupture in the esophagus just above the diaphragm (Fig. 12) . The edges of the esophageal perforation were discolored and soft. There was atelectasis of the lower lobe of the right lung whose pleura was covered with a fibrinous exudate. An early bronchopneumonia was found in both lungs and a metastatic tumor mass from the pyloric adenocarcinoma was situated in the upper lobe of the left lung.
Examination of the brain revealed a large cavity in the centrum ovale of the right hemisphere which marked the site of the operation. The third ventricle was flattened into a semilunar slit by compression from operative hemorrhage in the right caudate nucleus, internal capsule, and paraventricular gray matter (Fig. 13) . Many small tumor metastases were found scattered in the frontal and occipital lobes and in the corpus callosum. The histologic appearance of the cerebral neoplasms was that of a mucin-secreting adenocarcinoma and was identical with the primary growth in the pylorus -and with the metastasis in the left lung.
The perforations of the esophagi in both cases were unquestionably of antemortem origin, since the gastric contents in the pleural cavities had produced evidence of inflammatory reaction. The cerebral lesions produced destruction of some of the hypothalamic nuclei and compression of others.
Convulsions sith Malnutrition and Septicemia Two cases are presented of convulsions induced by malnutrition and pneumococcal septicemia in a 3-month-old infant and a 4-yearold child, respectively. Both had recent duodenal ulcers. History.-This colored male infant was born on February 24, 1934, weighing 3700 gm. Three months later, on May 24, he was admitted to the New Haven Hospital, weighing 3000 gm. Breast-fed during the first month of life, the baby thrived until he was put on a formula which consisted of 1 oz. of condensed milk to 32 oz. of water. This was supplemented with cod-liver oil and one-half glass of orange juice daily. These meager feedings, punctuated by frequent vomiting, produced malnutrition and dehydration.
When admitted to the hospital, the infant appeared extremely dehydrated, poorly nourished, and poorly developed. The temperature was 95.4°F.
The heart rate was about 60 per minute and the sounds were of poor quality. Kahn and Wassermann tests were negative.
Parenteral fluid and a blood transfusion were given immediately. On the second day in the hospital a loud systolic murmur could be heard over the cardiac apex. There occurred a period of apnea, followed by slow and shallow breathing, which lasted several minutes and required caffeine, adrenalin, carbon dioxide, and artificial respiration to combat. A short period of tonic contraction of the entire body was observed a few hours later. The hands were held in carpal spasm. Calcium gluconate was given intramuscularly. Two hours before death, on May 26, 1934, the respirations suddenly became weak and shallow and resuscitative measures were of no avail.
Necropsy.-Three and one-half hours after death, post-mortem examination was begun on the strikingly emaciated body. The stomach and esophagus revealed no mural lesions and contained no abnormal contents. Of interest was a large fresh blood clot which overlay a series of superficial antemortem ulcerations in the duodenum (Fig. 14) . The largest of these lesions occupied a position in the postero-medial wall and measured 2.5 x 1 cm. Serial preparations of the ulcer studied microscopically showed replacement of the mucosa by a dense exudate of polymorphonuclear cells and fibrin. At the base of the ulcer a thrombosed blood vessel was seen whose wall appeared partially eroded. Hemorrhage from this source filled the entire intestinal tract distal to the duodenum.
Necrobiotic lesions were present extensively in the cerebral cortex. Most marked was the patchy disappearance of nerve cells in the insular, occipital, and hippocampal gyri and in Sommer's sector of the cornu ammonis formation. There was no proliferative reaction on the part of the glia. The only one of the nuclear masses which showed any "ischemic" change was the globus pallidus; the interbrain was entirely spared. The temperature on admission was 40.60 C., pulse 128, and respirations were 48 per minute. Signs of pneumonia were confined to the left lower lobe. Cyanotic and in deep coma, the child presented a condition more serious than would be expected in an early pneumonia. The pupils were dilated and did not react to light; the right pupil appeared larger than the left. Both sclerae were injected and the fundi showed tremendous engorgement of the veins and retinal hemorrhages. There was no papflledema. The deep reflexes were sluggish. Babinski and Kernig's signs were negative.
The child was at once placed in an oxygen tent. Continued coma and repeated convulsions of a generalized nature characterized the downhill course which lasted 2 days. Blood culture on the first day yielded type I pneumococcus. The pneumonic process spread quickly to the right lung. The white blood count showed 14,200 cells, 90 per cent of which were polymorphonuclear leukocytes. The spinal fluid contained 45 cells per cu. mm. and of these 25 were mononuclears.
Necropsy.-This was done less than 3 hours post-exitus and showed a diffuse bilateral pneumonia with acute sero-fibrinous pleuritis. An unexpected finding was a series of small, shallow ulcers in the first part of the duodenum which were covered with clotted blood. Microscopically, the necrotic mucosa was replaced by fibrin and a mild cellular infiltration of polymorphonuclear leukocytes, lymphocytes, and mononuclear cells; the intact submucosa was edematous. Blood was found mixed with gastric and intestinal contents as far down as the colon. The mucosa of the remainder of the gastro-intestinal tract, although markedly injected, was quite intact.
There was no trace of meningitis on microscopic examination. Widespread destruction of ganglion cells was present throughout the cerebral cortex and was most extensive in the frontal and parietal lobes, the insular cortex, and Sommer's sector of the cornu amrnonis formation. A proliferative glial response was apparent around the disintegrating Purkinje cells in the cerebellar cortex. A definite loss of nerve cells could not be made out in the basal ganglions, but advanced ischemic change was not lacking. The cytoplasm of the cells composing the nuclear masses was pale; the nuclei were hyperchromatic and of shrunken, irregular contour. The nuclei of the interbrain were spared.
Both malnutrition and septicemia in infants have long been associated with duodenal ulceration. In 60 cases of malnutrition which were collected by Theile12 in 1919, the duodenum alone was ulcerated in 43 instances and the duodenum and stomach together in 4 other cases. In a table of 26 cases of generalized infection compiled by the same worker there were gastric ulcers in 21 and duodenal ulcers in 5. As is true also in cases of third degree burns, the pathogenesis of these gastro-duodenal lesions is not clear.
Cases 21 and 22 of our series seem to complicate rather than simplify the question of pathogenesis. Vascular occlusion in the gastro-intestinal wall antecedent to the mucosal ulcers, vascular spasms, and local bacterial invasion could not be demonstrated. Lesions in the central nervous system produced by the convulsions and in point of time very likely coincident with the acute duodenal erosions were, however, present. The cerebral cortex rather than the infundibular nuclei was the seat of injury in these cases. There is both experimental and clinical evidence to indicate a-positive association between cortical ablation,10 electric stimulation,1 and neoplastic compression of the cerebral cortex13 and increased peristalsis, morbid hunger, and even gastric and duodenal ulceration. Such evidence might be assumed to support the probability of a causal relationship between the cortical and the alimentary tract lesions in our cases. This assumption would have to be followed by that of a nervous pathway from cortex to hypothalamus.
Cerebral Involvement swithout Alimentary Tract Lesions
The following two cases are representative of a rather large group in which cerebral lesions of the same type and location as were present in the foregoing cases were not associated with gastrointestinal ulceration. History.-The patient, a white adult male, was well until January, 1937, when illness began with personality changes such as unaccustomed mental dullness, indifference, and irritability. Severe frontal headaches developed and just prior to hospitalization, on February 1 1, nausea and vomiting occurred daily.
The findings of neurologic interest on admission were bilateral choked discs, left facial weakness of the central type, weakness of the extremities, depression of the tendon reflexes, and diminished activity of the left abdominal and cremasteric reflexes. An exploratory craniotomy in the right frontal region performed 4 days later failed to reveal a cerebral neoplasm.
Two weeks later a left oculomotor palsy was noted and the following day an encephalogram was made without yielding information of value. One month later, however, a ventriculogram revealed definite hydrocephalus with a block in the third ventricle. The patient's condition, which had remained about stationary until this time, became gradually worse and there appeared symptoms of increasing intracranial pressure. Vomiting occurred at frequent intervals and soon became projectile in character. On April 14 the temperature rose and cardio-respiratory difficulty became pronounced. Exitus occurred on the following day.
Necropsy.-Post-mortem examination succeeded the patient's death by 4 hours. Terminal focal pneumonia in both lungs was the only pathologic change found outside the cranial cavity. The entire gastro-intestinal tract was normal in appearance.
Replacing the right basal ganglia in their entirety was a large necrotic glioblastoma multiforme (Fig. 15) . The invasive neoplasm had enveloped the third ventricle and in its advance to the opposite cerebral hemisphere had destroyed the hypothalamic nuclei. Massive hemorrhagic infarction was present in the pons.
Case 24. White female of 66 years with hypertensive heart disease. Hemorrhage in right basal ganglions and in periaqueductal region of pons. Normal alimentary tract.
History.-While walking to work on March 29, 1937, the patient, a white female of 66 years, suddenly fell unconscious. She vomited 2 or 3 times and her left arm was paralyzed. When brought to the New Haven Hospital, it was learned that she had consulted a physician in 1935 for pain between the shoulder blades and he had found her systolic blood pressure to be 230 mm. of mercury.
The temperature on admission was 970 F., the pulse 54, and the respirations were 16 per minute. Blood pressure was 240 systolic and 1 15 diastolic. The patient was in coma with her head turned to the right. There was a left facial droop and the left arm and leg showed a flaccid paralysis. Both pupils reacted to light; there was no nystagmus. The neck was not stiff. The Babinski sign was positive and the knee and ankle jerks were absent on the left.
The patient continued in semicoma until her death 2 days later. The blood pressure remained elevated at about 205 over 105. The temperature rose gradually to 101.80 F., and shortly before exitus there appeared dyspnea and cyanosis.
Necropsy.-This was performed within 4 hours after death and disclosed advanced generalized arteriosclerosis. The coronary and cerebral arteries were especially involved. A large hemorrhage of recent origin had destroyed the right basal ganglions. Branches of the right middle cerebral artery were found in the blood clot and they were distorted by atheroma. There was no intraventricular hemorrhage, but several hemorrhagic foci occupied the periaqueductal region in the pons. (Fig. 16 ).
There were no erosions or ulcerations in any part of the alimentary tract.
Comment
Cases of this variety, in which destruction of the hypothalamic nuclei or the dorsal half of the pons is unassociated with ulcerative lesions in the gastro-intestinal tract, occur not infrequently. It is no longer possible to argue from such cases, however, that there is no relationship between the two sets of lesions. There is too much evidence of the type presented in this paper, as well as of an experimental nature, for such an assumption. Cases such as 23 and 24 now merely serve to emphasize that there are still some factors in the pathogenesis of the alimentary tract lesions which are unknown.
General Comment
The lesions in the upper gastro-intestinal tract-esophagus, stomach, and duodenum-whether in the nature of an erosion, ulcer, malacia, or perforation, were all of short duration. Although some of them had occurred long enough before death to have given rise to an inflammatory reaction either at the sites of the lesions or in the serous cavities into which they perforated, none of them could be considered as constituting a chronic peptic ulcer. Indeed, it might be more descriptive of their true nature to have termed them all erosions or malacias. Yet a few of them had sharply punchedout walls and were deep enough to deserve the designation of ulcer.
It was hoped that in the foregoing cases a positive association could be shown between the lesions in the upper part of the digestive tract and those in the interbrain. In large measure this really proved to be the case. Nonetheless, there were certain instances where the cerebral lesions were elsewhere than in the interbrain, such as in the pons and even in the cortex. But even more difficult of interpretation are the last two cases cited, in which lesions in the established sites in the brain were not associated with gastrointestinal tract lesions. Apparent contradictions of this variety must await further study for their ultimate interpretation.
Summary
The clinical histories and necropsy findings are presented of a group of 22 cases showing either ulceration, erosion, or malacia of the upper part of the digestive tract (esophagus, stomach, or duodenum). Nearly all of these changes apparently occurred at or just prior to exitus, but in some cases an associated regional hemorrhage or inflammatory reaction indicated an antemortem origin.
Lesions of varied etiology were found in the brain of each of 21 cases examined at necropsy. In one other instance the brain was not examined, but the clinical symptomatology pointed to organic cerebral involvement. These lesions were localized as follows: the nuclei of the interbrain in 16 instances, the midbrain in 2 instances, and diffuse cerebral, chiefly cortical, involvement in 3 instances. In the 3 latter cases the diencephalic nudei were spared. Evidence is cited to indicate that the gastro-intestinal lesions in the cases of cortical and mesencephalic involvement are probably mediated through the hypothalamic nuclei.
Two cases, representative of a much larger series, are described in which injury to the diencephalon and mesencephalon was not complicated by lesions in the digestive tract. Such instances emphasize our present lack of knowledge concerning the pathogenesis of the alimentary tract lesions. ..
